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Padota TOcBAIeHa TeEXHOJIOTHMH IpOeKTHpOBaHHA 
I[CHTPOOeKHBIX 


IIbLIeyIOBUTeIen Ha 


IKCIIEPUMeHTAJIbHOU yCTaHOBKe TA 


TlapaJVICJIbBHbIX CpaBHUTCJIBHbIX MCHbITaHuu 


IMKIOHOB. B HacToallee BpeMaA HeT eMHOrO 
KpHTepHaA Jd BbIOOpa ONTHMAaJIbHOM MopMBl 
I[MKJIOHOB, OJHAKO B HawOoIee COBPeMeHHBIX 
KOHCTpyKIIMAX BCe YeTYe MpOABJIAeTCA TeHTCHIHA 
pa3sBUTHA KOHYCHOU 


yacTu. Mexyy 


reoMetTpHyeckoh dopMow HKIOHa HU ero 
39(MeKTHBHOCTHIO CYIICCTBYIOT H3BECTHBIC CBA3H, 
KOTOpBIe IIPOABJIAFOTCH 


yepes3 CJIO2KH YEO 


axpowMHaMUKy TeYeCHHH,  BO3HUKAIOIIMX B 
annlapate. B HacTOAIIeM MCCIeEOBaHHU BbIABJICHBI 
M W3y4eHbI CBA3M KOHCTPYKTUBHBIX TapaMeTPOB 
IMKJIOHHBIX allmapaTOB C HX axpoyqMHAaMMYeCKUMU 
XapakTepHcTHuKaMu u 30)PeKTHBHOCTBIO 


IIblIeyJlaBIMBaHVA. 


KuroueBble CJI0Ba: IMKIIOHHbIM altlapat, Buxpe- 
BbIe TeCYCHHA, TUApaBM4YecKoOe COIMpPOTHBIIeHHe, 
39PMeKTHBHOCTA TIbWIeCyIaBIMBaHHA, MOJIeJIMpOoOBa- 
Hue 
Bpejenne. 3azaun pa3BuTHA MpOu3BOJICTBA, 
3allMTbI OKpyKarollen cpebl WU pallMOHasIbHOro 
MCIOIb3OBaHHA IIPMPOHbIX PeCypCOB 4acTO OKa- 
3bIBAFOTCA TECHO CBA3AHHbIMU C TIpoOsIeMON pa3zyie- 
NeHHA YTa30nbuiecoyepxallux MOTOKOB. Becwe- 
CTBHe 9TOrO BO3HHKaeT HeEOOXOUMOCTh B CO3]a- 
HMM BbICOKOMPOM3BOMTeIbHBIX alllapaTOB JIA 
IIbIMeyIaBIMBaHHA. DbdeKTHBHOCTb Ta3s004HCTKU 
B COBPCMCHHbIX IMKIOHAaX, KaK NpaBHJIO, He lpe- 
BbimaeT 85—92 %, TOITOMY BECbMa aKTYAaJIbHBI UC- 


CICHOBAHHA, HallpaBJICHHbleC Ha TIOHCK MCTOJIOB HU 
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The work is devoted to design technology of 
centrifugal dust collectors using an experimental 
installation for cyclone parallel comparative 
tests. Currently, there is no single criterion for 
choosing the optimal form of cyclone, but in the 
most modern construction, the tendency of de- 
velopment of its cone part is becoming clearer. 
Between the geometric shape of the cyclones 
and their effectiveness, there are a number of 
connections, which appear through the complex 
aerodynamics of the flows in the apparatus. The 
identification and study of the relationship be- 
tween the design parameters of cyclone appa- 
ratus with their aerodynamic characteristics and 
effective dust collection is the subject of this 
study. 


Keyword: cyclone apparatus, vortex flow, hy- 
draulic resistance, efficiency, dust collection, 
modeling 


Introduction. Tasks of production develop- 
ment, environmental protection and rational use 
of natural resources are often closely related to 
the problem of separation of gas-and-dust- 
containing flows. As a result, there is a need to 
create high-performance devices for dust collec- 
tion. The efficiency of gas cleaning in modern 
cyclones, as arule, does not exceed 85-92 %, so 


very relevant are the researches aimed at finding 
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CHOCOOOB NMOBBIINNeHUA 3(MeKTHBHOCTH IIblIeyaB- 
NMBaHWA TepBow cTyneHu ouncTKH. IIpu ysryuitte- 
HMM KayecTBa IIpeBapUTeJIbBHOM OYMCTKM CTaHO- 
BUTCH Oonee 93ddeKTHBHOM padoTa TKaHeBbIx 
(DHJIBTPOB (T. €. OKOHYATeJIbHAaA JOOUMCTKA Fa30B). 

Ha kadeape «Be30nacHOcTb %KH3HeJCATCJIbHO- 
CTH UW 3allldTa OKpyxKarollen cpebr» JIOHcCKOrO 
rocyapcTBeHHOrO TeXHWYeCKOrO YHHBepcuTetTa 
BegeTca HUMP to ucciyeqoBaHnto aspouqMHamMude- 
CKUX XapaKTepHCcTHK UM 9@deKTHBHOCTH TIbIIe- 
ylaBJIMBaHHA WMKIIOHHbIX alllapaToB pa3sIM4HOH 
dopmpr [1-3]. I[lomyyenpr smarentpr PO 
Ne 2506880 «IIbimreymapnusBatenb» wu Ne 2557741 
«YcTaHOBKa JIA Ibe yiaBIMBaHua. B yka3aH- 
HbIX pa3paOoTKax IIpe/JIOKeHbI Tbe yIaBIMBa- 
TeJIb C OOPaTHBIM KOHYCOM WH peryJIupyeMbIMu 
KOHCTPYKTHBHBbIMH TapaMeTpaMH, a TakxKe ycTa- 
HOBKa, NO3BOJAHOMaA WapaswiesbHO U 3deKTUB- 
HO HCCIICIOBaTh aspouqMHaMUuyeCcKHe IIpOIecchl u 
IIblWIeOcaKTeHHe BHYTPH WeHTpOOexKHBIX anlapa- 
TOB pa3HOH KOHCTpyKuMH [4—S]. 

OcHoBHad Hen UcceqOBaHHA. Mjexa 3aksI10- 
yaeTCA B MOMCKe palMOHabHOH POpMbI IeHTpo- 
OexKHOrO ITIbIIeyIOBUTeIA (OHA MO*KeT OBITS, 
HallpuMep, KOHYCHOM, a He WMIMHApM4eckon) u 
ONpeesICHHM ONTHMAJIbHBIX PeryIMPpyeMbIX KOH- 
CTPYKTMBHbIX TlapaMeTpoB alliaparoB. OO0a yka- 
3aHHbIX (akKTOpa OJDKHbI CMOCOOCTBOBATb II0- 
BbIMICHHIO IPMeKTHBHOCTU TIbWIeCyIaBIMBaHHA U 
CHYWKCHHIO SHEPrOeCMKOCTH OUHMCTKH C Yy4eTOM 
CBOMCTB WH XapaKTepHCTHK TbUICBO3YUIHOM cpe- 
JUbl. 

HloctaHospka 3aqa4unM. Ha moBepxXHOCTAX IMK- 
NOHOB HelWMIMHApHyeckon PopMbI (iWapoBsle, KO- 
HuYecKHe (OPMBI, pelIbeHbIe MOBEPXHOCTH C OT- 
PBIBHbIMH TeEYEHHAMM) BO3HUKaeT BUXpeBad Opra- 
Hu3alua (a TakxKe CaMoopraHH3allua). OHa 103B0- 
HA€T CYMICCTBeEHHO MHOBBICHTb 93@deKTHBHOCTh 
IIPOWeCcOB, CHH3HTb aspouMHaMMyecKoe conpo- 
THBJICHHe UW IpeIO#KUTb HOBbIC TEXHHYeCKHE pe- 
WeHUA YCTAaHOBOK MU armapatos. MccreqoBaHue 
9TOrO ABJICHHA — OJ[HO W3 AKTYAJIBHBIX HalpaBJe- 
HMM THApOTMHaMUKU U Telodu3uKH. Takxe 3a- 
CUY2KUBaIOT YIOMMHaHWA KOHCTPYKTMBHBIe pellle- 
HHA B WeCHTPOOeKHBIX alllapaTax, MO3BOIAFOWIMe 
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methods and ways to improve the efficiency of 
dust collection of the first stage of purification. 
With the improvement of pretreatment quality, 
the operation of fabric filters (i.e. final gas after- 
treatment) becomes more efficient. 

At the Department of "Life Safety and Envi- 
ronmental Protection" of the Don State Tech- 
nical University, the research is being conducted 
on studying of aerodynamic characteristics and 
efficiency of dust collection of cyclonic devices 
of various shapes [1-3]. The patents of the Rus- 
sian Federation No. 2506880 "Dust collector" 
and No. 2557741 "Dust collection installation" 
were received. In these studies, a dust collector 
with an inverted cone and adjustable design pa- 
rameters is proposed, as well as an installation 
that allows parallel and effective investigation 
of aerodynamic processes and dust laying inside 
centrifugal devices of different design [4-5]. 

The main idea of the study. The idea is to 
find a rational form of centrifugal dust collector 
(it can be, for example, conical, not cylindrical) 
and to determine the optimal adjustable design 
parameters of the devices. Both of these factors 
should contribute to increasing the efficiency of 
dust collection and reduce the energy consump- 
tion of cleaning, taking into account the proper- 
ties and characteristics of the dusty environ- 
ment. 

Problem statement. On the surfaces of cy- 
clones of non-cylindrical forms (spherical, coni- 
cal, relief surfaces with separated flows), there 
is a vortex organization (as well as _ self- 
organization). It allows to significantly increase 
the efficiency of processes, reduce aerodynamic 
resistance and to offer new technical installa- 
tions and apparatuses. The study of this phe- 
nomenon is one of the topical directions of hy- 
drodynamics and thermophysics. Also notewor- 
thy are the constructive solutions in centrifugal 


apparatuses, which allows increasing turbuliza- 





IIBIIM 3a CYeT OPraHu3allMu HanpaBleHuA TeVeHuA 
TIBIICBO3AYIUHbIX MOTOKOB (HallpHMep, IMKJIOHBbI 
CO BCTPeC4YHbIMH 3aKPYYMBarollMMUCA WOTOKaMN). 

TakuM oOpa30M, BbIOOp anlapaTOB OU4MCTKH 
TOJDKeEH OCHOBBIBaTbCA Ha UCIIOJIb3OBaHHU BUXpe- 
BbIX TYPOYJICHTHbIX MOTOKOB, HHTCHCH@UUMpyIO- 
mux cenapanuMro nbwIM. B sTOM IlanHe NOAXoTAMlad 
KOHCTpyKI[MA —— I[MKJIOHbI C pa3BHTOH KOHYCHOU 
YaCTbIO, U3MCHCHHbIM BHYTPeCHHHM T1pod@uJiem 
CTeEHOK HM peryIMpyeMbIMH KOHCTPyKTHBHBIMH Ia- 
paMeTpaMu Jit JOCTHXKeCHHA MaKCMMalIbHON 930p- 
(DeEKTHBHOCTH. 

B uccieqOBaHiAX, MOCBAIICHHBIX pa3spadoTKe u 
COBeEPINCHCTBOBaHH1O = ICHTPOOeEX*KHEIX IIbIJICOUn- 
CTHTeIeH, He IIpeCTaBJIeEHbI MOeIM CTpyKTypo- 
oOpa30BaHua McHepcHOoH da3bl B aliiapatax. 
Kpome Toro, OTCYTCTBYIOT JJaHHble O Wapasiesb- 
HbIX CPaBHUTeJIbHBIX MCHbITAHHAX HOBOTO IIbIIe- 
YJIOBUTeIA C H3BeECTHBIMM alimapatamu. He pac- 
CMATPUHBAaFOTCA BOIPOCBI, CBA3AHHBIe C IKCIIyAaTa- 
We Tbe yIOBUTeIA B YCJIOBHAX IIPOM3BOJICTBA, B 
pe3yIbTaTe 4ero pealIbHble XapaKTepHCTHKH aliia- 
paTa 3HaYHTeIbHO yCTyMaloT MOKa3aTesIAM, TWOsy- 
YCHHBIM B JIaOOpaTOPHBIX YCIOBUAX. 

JloctuxkeHve WesM padoTE TpeOyeT pelleHua 
cle XyYOWMXx 3aa4. 

1. Ha ocHoBe aHasIM3a U3BeECTHbIX KOHCTPyK- 
IMM IMKIIOHOB pa3paooTaThb MbIIeYIOBUTeIb C 00- 
PaTHbIM KOHYCOM HM KOHCTPyYKTHBHBIMM TWapaMetT- 
paMHu, KOTOPbIe MOryT peryJIMpOBaTbCA B 3aBUCH- 
MOCTH OT CBOHCTB IIbUIM WM XapaKTepHCTHK TIbIIe- 


BO3JTYIIHOM CpeybI (puc. 1) [5]. 
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tion of the processes for dust separation due to 


the direction of flow of dust-air streams (e.g. 
cyclones with opposing swirling flows). 

Thus, the choice of cleaning devices should be 
based on the use of vortex turbulent flows that 
intensify dust separation. In this regard, a suita- 
ble design is cyclones with a developed cone 
part, changed internal profile of the walls and 
adjustable design parameters to achieve maxi- 
mum efficiency. 

In researches devoted to the development and 
improvement of centrifugal dust cleaners, mod- 
els of structure formation of the dispersed phase 
in the apparatus are not presented. In addition, 
there are no data on parallel comparative tests of 
the new dust collector with the known devices. 
Issues related to the operation of the dust collec- 
tor in production conditions are not considered, 
as a result of which the actual characteristics of 
the device are significantly inferior to those ob- 
tained in the laboratory. 

Achieving the goal of the work requires the 
following tasks. 

1. On the basis of the analysis of the known 
designs of cyclones to develop a dust collector 
with an inverted cone and design parameters 
which can be regulated depending on dust prop- 


erties and characteristics of dusty environment 
(Fig. 1) [5]. 
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Puc. 1. YcraHoBka JIA Tbe yIaBsIMBaHHA (@) WM WMKIIOH C OOpaTHbIM KOHYCOM «LJOK-200-300» (6) 


Fig. 1. Installation for dust collection (a) and the cyclone with an inverted cone "TSOK-200-300" (b) 


2. Ilpopectu MoyemMpoBaHue U IKCIIEpHMeH- 
TaJIbHO UCCIeEOBaTh 93(@eKTUBHOCTh MbiWIey0- 
BUTeIA C OOpaTHbIM KOHYCOM MH peryJIMpyeMbIMu 
KOHCTPyKTHBHbIMM TWapaMeTpaMu Ha_ TOJIyIpo- 
MBIIMJICHHOH 9KCIICPHMCHTaJIbHOM YyCTaHOBKe 
(cM. pvc. 1) H BbIABHTb 3AKOHOMePHOCTH IIporec- 
Ca IIblJIeyIaBIMBaHiaA Ha OCHOBe adpoyqMHamMu4e- 
CKOM CTPyKTypbI ra30Boro MoTOKa | 6—8]. 

3. 3aevCTBOBaTb MOJYJIb ra30qM4HaMUYeCKO- 
TO aHasiM3a, MVHTeCrTpHpOBaHHbIM B COBPeMeHHOe 
BbICOKONPOW3BOUMTeIbHOe TporpaMMHoe oodec- 
tleueHne. C yayeToM TOJyYYIeHHbIX JJaHHbIX pa3pa- 
OoTaTb MeTOJMKy pacueta 3P(eKTHBHOCTH TIpo- 
lecca IbIIeylaBIMBaHuA B alilapaTax c oOpat- 
HbIM KOHYCOM UH perysIMpyeMbIMM KOHCTPyKTHUB- 
HbIMH TlapaMeTpaMu. 

Pe3yJIbTaTbl IKCHeEPHMeHTAJIBHBIX HCCIe10- 
BaHHnH. Co3qaHa HOBAA KOHCTPyYKIMA WMKIIOHHOrO 
alllapaTa, B KOTOPOM MpeaycMOTpeHa BO3MO%K- 
HOCTb peryMpOBaHHA KOHCTPyKTMBHBbIX WapaMet- 
POB IWMKJIOHA B 3ABMCHMOCTH OT CBOMCTB UM Xapak- 
TeEPHCTHK TbWICBOSTYWIHOM cpeybl (mareHT PO 
Ne 2506880 «I buieymaBimBatesb») [4]. 

B WukioHe c oOpaTHbIM KOHYyCOM («LJOK- 
200-300») 3a cueT KOHYCHOrO NpO@uA UCHOJb3y- 
eTCA YBeIM4YeHHAA WeHTpoOexKHasd cusia, eMCTBY- 


2. To conduct modeling and experimentally 
investigate the efficiency of the dust collector 
with an inverted cone and adjustable design pa- 
rameters on a semi-industrial experimental in- 
stallation (see Fig. 1) and to reveal regularities 
of dust collection process on the basis of aero- 
dynamic structure of gas flow [6-8]. 

3. To use gas-dynamic analysis module, inte- 
grated into the state-of-the-art high-performance 
software. Taking into account the obtained data, 
to develop a methodology for calculating the 
efficiency of the dust collection process in de- 
vices with an inverted cone and adjustable de- 
sign parameters. 

Experimental studies results. A new struc- 
ture of the cyclone apparatus has been created, 
which provides the possibility of regulating the 
constructive parameters of the cyclone depend- 
ing on the properties and characteristics of dust- 
air environment (RF patent No. 2506880 "Dust 
collector") [4]. 

In the cyclone with an inverted cone 
C"TSOK-200-300") due to the cone profile, we 
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roujad Ha TbWIeByKO YaCTHIy Ha WepBbIX BUTKaX 
BpawleHud. Bo3MOx%KHOCTb peryiMpoBaHua WryOu- 
HbI WOrpyxXKeHHA BbIXJIOMHOrO MaTpyOKa B TeJIO 
IMKJIOHA MO3BOJIACT YMCHbIUHMTb BbIHOC IIbIIM BTO- 
PHYHBIMH BUXpeBbIMM Te4YeHHAMM BO3TYXa. Pery- 
JMpOBaHHe COOTHOMeHHA OObeMa padouen 4acTH 
uw OyHKepa «LIOK-200-300» BimsaeT Ha aaspoqMHa- 
MHKY alliiapaTa UW Cellapalvio, 4YTO MO3BOIIAeT O0- 
nee 9deKTHBHO yJaBIMBaTb TbUIb pa3HOW JIMC- 
II€PCHOCTH HU IJIOTHOCTH. 

B na0opaTopHbIx YCJIOBHAX IIPOBeJIeCHbI CpaB- 
HUTCJIBHbIC BKCHCPHMeCHTAJIbHbIe UCCIeEOBaHuA 
Ha Majlopa3MepHbIX IIbIICyIOBUTeIAX. YCTaHOB- 
eHa CBA3b Mex*KJyY TeEOMeCTPHYeCCKMMM TlapaMmeT- 
paMH IMKIIOHHBIX alimapaTOB pa3HOH (OpMbI u 
9MeKTHBHOCTHIO TbilleyiaBIuBaHusd. IloKa3aHo, 
4TO Y IMKJIOHOB C OOpaTHbIM KOHycOoM («LJOK- 
200-300») sddekTHBHOCTb yilaBIMBaHHsA IIb 
BbIe, YeM Y IMJIMHApM4YecKuxX  allilaparTos. 
HavievHbl ONTHMaJIbHbIe KOHCTPyKTHMBHbIle Mapa- 
MeTppI «LJOK-200-300» (mryOuHa TorpyxeHua 
BbIXJIONHOFO WaTpyOKa HW COOTHOMIeHHe OObEMOB 
paOoyeH 4uacTu WMKIOHa W OyHKepa), MOBBbIMAIO- 
ue CTelleHb WbieouncTKu [9-11]. 

Mazspie pa3Mepbl WeHTpOOexKHBIX alllapaTos, C 
OJHOM CTOPOHBI, YaCTHYHO MpWBOMIM K HeKOp- 
PeKTHOCTH H3MepeHHM B COOTBETCTBUU C Tpebo- 
BaHuaAMH T'OCT 12.3.018-79 «Cuctrema ctaHyap- 
TOB Oe30nacHocTu Tpyza (CCBT). Cuctremsl BeH- 
THJIALMOHHbIe. Meroybr axpoquHaMuyecKux UC- 
IIbITaHHM»>. C Wpyrow CTOpOHbI, padOoTa Ha yctTa- 
HOBKe TpeOoBasla TpyOeCMKOTO MOHTax«Ka, T. K. 
COOPHO-pa3beMHbIe COesMHeEHUA pu Wepeycta- 
HOBKe IMKJIOHOB He OOecne4yMBalIM TrepMeTH4- 
HOCTb KOHCTPyKIUMUH. 

B 93ToH CBa3u Oba UIpOu3BeyqeHa MOJeEpHu3a- 
IMA Wad0opaTOopHow ycTaHoBKu (cM. puc. 1). Ee 
W3MCHeCHHad TeXHOJIOrMYeCKad CXeMa BKJIFOUaeCT 
Ba UCCICJYeMBIX IMKJIOHHBIX aliMmapata c WaTau- 
KaMUW VM BbICOKOTOUHbIMH H3MePpHTeJIbHbIMU TIpu- 
OopamMu. CpaBHUTeJIbHbIM UCIIbITAHHAM TeIepb 
MOryT ObITb TOABEprHyTbI MOJHOpa3sMepHBIe 
IIPOMBIMJICHHbIe OOPa3I[bI MWeCHTPpOOe2XKHEIX I[MK- 
NOHOB (HampuMmMep, «LTH-15y-300» uw «LOK-200- 
300»). KpomMe Toro, B paciops2»KeHHH KOJWICKTHBAa 
ABTOPOB MMeeTCA BLICOKOTOUHbIN COBDeMeHHBbIM 
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use an increased centrifugal force acting on dust 
particle in the first turns of rotation. The ability 
to control the depth of the exhaust pipe to the 
cyclone body reduces the discharge of secondary 
vortex air currents. Regulation of the volume 
ratio of the working part and the hopper of 
"TSOK -200-300" affects the apparatus aerody- 
namics and separation, which makes it more ef- 
fective to catch dust of different size and densi- 
ty. 

Comparative experimental researches on 
small-size dust collectors were carried out in la- 
boratory conditions. The connection between 
geometric parameters of cyclonic devices of dif- 
ferent shapes and dust collection efficiency is 
established. It is shown that in cyclones with an 
inverted cone ("“TSOK-200-300"), the efficiency 
of dust capture is higher than in cylindrical de- 
vices. The optimal design parameters of "TSOK- 
200-300" (depth of immersion of the exhaust 
pipe and the ratio of the volume of the working 
part of the cyclone and the hopper) were found, 
which increase the degree of dust cleaning [9- 
11]. 

The small size of the centrifugal apparatuses, 
on the one hand, partly has led to the incorrect- 
ness of measurements in accordance with the 
requirements of GOST 12.3.018-79 "System of 
occupational safety standards. Ventilation sys- 
tems. Aerodynamic test methods". On the other 
hand, the work on the installation required labor- 
intensive installation, because the units, when 
reinstalling the cyclones, did not ensure the 
tightness of the structure. 

In this regard, the laboratory facility has been 
upgraded (see Figure 1). Its modified flow chart 
includes two studied cyclone apparatus with 
sensors and high-precision measuring instru- 
ments. Full-sized industrial samples of centrifu- 
gal cyclones (for example, "TSN-15U-300" and 
"TSOK-200-300") can now be subjected to 


comparative tests. In addition, the team of au- 
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auddepenivasbHbId MUKpoMaHometTp Testo 521- 
1 (lepmanna). B KOMINICKT BXOJAT HalOpHpre 
TpyOxu = [InrTo, 


CBASAHHBbIC C IIICKTPOHHO- 


BLIUMCIIMTCIBHOU CHUCTeMOu (cTaHyapT 
RS232) [12]. Cautsranve, oOpadoTka u per- 
CTaBJIeHHe pe3yiIbTaTOB oOecne4yMBaeT Ipo- 
TpaMMHbIM KOoMIIeKc Comfort Software 3.4, ko- 
TOPbIN MO3BOJIAeT HalpAMY!IO B Pe2xKUME PeaJIbHO- 
TO BPpe€MeHH CHUMATb TOKa3zaTesIM U 3alIMCbIBaTb 
UX B Teo WporpammBI [13-14]. Ja usmMepenua 
3allbIIEHHOCTH = TIbIJIEBO3YUIHBIX TOTOKOB UC- 
HOUb3YeTCA TPDHOOSTCKTPHYeCKHH CTalMOHapHblit 
mbwiemMep IIMKII-T (Poccua). 

PesyJIbTaTbI TeOpeTH4eCKHX HCCIeOBaHHH. 
Hloqxoqbl K MOeIMpOBaHnHto. CrenMamu3upo- 
BaHHble WaKeTbI IpOrpaMM IlO3BOJIAFOT PacCuMTHI- 
BaTb C IIPHeMJICMOM WIA WpakKTHKH TOUHOCTHIO 
MaccoOOMeHHBble HU THA poOAMHaMMyeckue XapakTe- 
PHCTUKU TypOyNeHTHBIX MpOCTpaHCTBeHHBIX BUX- 
PeBbIX TeYeHHH B MHOFOCBA3HBIX OOUACTAX CJIOXK- 
HOH reomMetpun. IlpescTaBaaeTca MepcieKTUB- 
HbIM HCIOUb30BaHHe BUXpepa3zpelllarolwux JMC- 
KpeTHBbIX MOJIesIeH, KOTOpble peasms3yroTca B Flow 
Vision. 

IIpu BEIMOuHeEHHM pacueTOB aspoyqMHamMnue- 
CKHX TlapaMeTpoOB IMIIMHApM4ecKOrO WMKIIOHA U 
ICHTPOOEXHOrFO MbINeCYIOBUTeIA C OOpaTHbIM KO- 
HYCOM MUCIIOJIb30BaHa cCTaHwapTHad -93TICHJIOH 
MOJleIb TypOyneHTHOCcTH [15]. Ha ocHoBaHuH MO- 
JI@JIBHBIX PacueTOB ONpeeeHbI MMApaBsIM4ecKHe 
COIMPOTHBIICHUA CbaBHHBaeMBIX IMKJIOHOB pa3HOou 
(DOpMBI (KOHHYeCKHH HU WusMHApuYeckuit). Pado- 
Ta C OOKOM ra30/,MHaMWyecKuX pacueTOB CHCTe- 
MbI ANSYS o3BOMIIa UCIMOIb3OBaTb: 

— k-91ICMIOH MOJIesIb TypOYJIEHTHOCTH JIA MOJeJIM- 
POBaHHA axpoTMHAMUYEeCKUX IIPOIeCCOB B IIbIeyJIO- 
BUTCJIAX; 

— k-omera MOJIeuIb JUIA ONMMCAHHA TpOMeccos B TIpu- 
CTCHOYHOM cyloe. 

3akmio4eHHe. I[poBeqeHue ucciueqOBaHuH B 
3aABJICHHOM HalipaBsIeHHuH MO3BOJIAeCT MOJYAUTb 
3HaYMMble Hay4Hble U IpUKaHble pe3ysIbTarTHl. 
Hwxe lepeqyucieHbl HEKOTOpPhIle 43 HX. 

1. Co3qaHuve OaHkKa JIaHHBIX O Pa3JIM4HbIX KOH- 


CTPYKIIMAX ICHTpOOe2*KHBIX MIbIUIeCyIOBUTeen. 


2. MopMylMpoBaHve Hay4dHO OOOCHOBaHHBIX 





thors has a high-precision modern differential 
micrometer Testo 521-1 (Germany). The set in- 
cludes Pitot pressure tubes connected to the elec- 
tronic computing system (standard RS232) [12]. 
Reading, processing and presentation of the re- 
sults 1s provided by the software package Com- 
fort Software 3.4, which allows you to take the 
readings and record them in the body of the pro- 
gram [13-14] directly in real time. For measur- 
ing the dustiness of dusty flows the stationary 
triboelectric dust meter, PIKP-T (Russia) was 
used. 

Theoretical research results. Approach to 
modeling. Specialized software packages allow 
calculating mass transfer and hydrodynamic 
characteristics of turbulent spatial vortex flows 
in multi-connected domains of complex geome- 
try with acceptable accuracy. It seems promising 
to use eddy-resolving discrete models, which are 
implemented in Flow Vision. 

The standard K-Epsilon turbulence model 
[15] 1s used in calculations of aerodynamic pa- 
rameters of cylindrical cyclone and centrifugal 
dust collector with an inverted cone. Hydraulic 
resistances of the compared cyclones of different 
shapes (conical and cylindrical) are determined 
on the basis of model calculations. Work with 
gas-dynamic calculations of the system ANSYS 
allowed us to use: 

- k-Epsilon turbulence model for aerodynam- 
ic simulation in dust collectors; 

- k-omega model to describe processes in the 
near-wall layer. 


Conclusion. Conducting research in the stat- 
ed direction allows us to obtain significant scien- 
tific and applied results. Some of them are listed 
below. 

1. Creation of a data bank on various designs 
of centrifugal separators. 


2. Formulation of scientifically based re- 


SF D ( y 
| 


Safety of Technogenic and Natural Systems 





TpeOoBaHuH K MpoOBeJIeHHIO azxposyMHaMu4ecKuXx 
MCIbITaHUM, K CXeMe HM TOUHOCTH W3MepeHHh, K 
BbIOOpy HOCTOBeEpHOTO MeTOa OlIpeqeueHuA 90p- 
(DeEKTHBHOCTH be ylaBsIMBaHHA. 

3. BarpeqeHue aHasIMTM4eCKHX 3aABHCHMOCTeM 
(IPH pa3JIM4HOH 3aaBaeMOM MpOn3BOJMTeJIbHO- 
CTH BBITS#KHOIO BeHTHIATOPAa), OMNMCbIBAIOIIMX 
W3MeCHeEHHA TOJIHOrO, CTaTM4eCKOTO, JMHaMM4e- 
CKOIO JlaBJICHHA UW pa3psoKeHUA B OyHKepe, CKOpO- 
CTH JIBYOKCHHA BO3AyxXa UM pacxoja B U3MepHTelIb- 
HbIX TOUKAX CCYCHHM BXOJIHbIX HU BbIXOJHbIX a- 
TPYOKOB. 

4. PacueTHoe UM 9KCHeCpHMeHTAaIbHOe Onpese- 
neHve KOSIPMUUMCHTOB FHApaBIMYeCKOrO COLIpo- 
THBIeHuA ammaparoB «L{H-1l5y-300» wu «LOK- 
200-300». 

5. YcTaHOBJIeHHe aHaJIMTHUeCCKUX 3aBMCHMO- 
cTeHw M@K]Y MIyOMHOM MOrMpyKeHHA BBIXJIOMHOrO 
aTpyOka WMKIOHa, reOMeTPH4YeCCKUMU pa3Mepa- 
MM OyHKepa, a29poyMHaMM4eCKMMH MOKa3aTeJlAaMu 
ICHTPOOe@XKHEIX IIbWICyIOBUTeIeM, BeuM4YMHOM 
TH paBIM4eCKUX COMPOTHBIeCHHH. 

6. BpraBuleHHe aHasIMTH4YeCCKHX 3aBHCHMOCTEeH, 
ONMCHIBaFOIUMX M3MeHeEHHe KOHICHTpalMu TIM 
B TIbIICBO3YIIHOM IIOTOKe B BbIXOJHbBIX CCUCHUAX 
WaTPyOKOB IIpH 3aaHHbIxX UCXOJHBIX KOHI[CHTpa- 
IMAX Tb BO BXOJHbIX WaTpyOkax Wu pu pa3- 
NMYHON IPOW3BOAMTeIbHOCTH BEITAXKHOLO BEHTH- 
NATOPa Ha Pa3sHBIX IbILAX. 

7. PacueTHOe WM 9SKCHeEPMMeHTAaJIbHOe ONpeye- 
neHue cTeleHu 93ddeKTHBHOCTH IIbIeyIaBJIUBa- 
Hua anmapaToB «LTH-15y-300» u «LTOK-200-300» 
IIpPH pa3JIM4YHbIX PexKUMAX PaOOTHI yCTaHOBKH Ha 
pa3sJIM4HBbIX BUWAaX TIM. 

8. BprpeqeHve aHasIMTH4eCKHX 3ABHCHMOCTEeH, 
ONMCbIBaIOIIMX BIIMAHHe TIyYOMHbI NWorpyKeHHA 
BbIXJIOMHOLO MatpyOkKa HW reOMeTpHYeCKUX pa3Me- 
poB OyHKepa Ha 9PeKTHBHOCTH MbIWeylaBsIMBa- 
HHA WeHTPOOEXKHBIMH TbIICYIOBUTeIAMM Ha pa3- 
HbIX ITbULAX. 

9. OnucaHve JMCHepcHoro COcTaBa TIbIIeH JO 
WM MOCIe€ OUMCTKU B UCCIIEYeMBIX WMKIOHAX. 

10. DkcnepuMeHTasIbHOe OLpezereHue KOImdu- 
IMeHTOB TMApaBIIM4eCKOTO COMpOTHBeHHA armla- 
parop «LH-1l5y-300» u «LOK-200-300» mpu uc- 
CleOBAHHAX Ha MbVICBO3TYIUIHbIX MOTOKAX. 
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quirements to the conduction of aerodynamic 
tests, to the scheme and accuracy of measure- 
ments, to the choice of a reliable method for ef- 
ficiency determination of dust collection. 

3. Determination of analytical dependencies 
(at various specified exhaust fan capacity) that 
describe changes of a full, static, dynamic pres- 
sure and the vacuum in the hopper, the velocity 
of the air flow at the measuring points of input 
and output data ports cross-sections. 

4. Calculation and experimental determina- 
tion of hydraulic resistance coefficients of de- 
vices "TSN-15U-300"and" TSOK-200-300". 

5. Establishment of analytical dependences 
between the depth of the cyclone exhaust pipe, 
the geometric dimensions of the hopper, the aer- 
odynamic parameters of centrifugal dust collec- 
tors, the value of the hydraulic resistances. 

6. Identification of the analytical dependenc- 
es describing change of concentration of dust in 
the dusty flow in the output sections of the noz- 
Zles at given initial concentrations of dust in the 
input nozzles and at different performance of the 
exhaust blower for various dust. 

7. Calculation and experimental determina- 
tion of the degree of efficiency of dust collection 
devices "TSN-15U-300" and "TSOK-200-300" 
at different modes of operation of the installation 
on different types of dust. 

8. Determination of analytical dependences 
describing the effect of the depth of immersion 
of the exhaust pipe and the geometric dimen- 
sions of the hopper on the efficiency of dust col- 
lection by centrifugal dust collectors on different 
dusts. 

9. Description of the dispersed composition 
of dusts before and after cleaning in the studied 
cyclones. 

10. Experimental determination of the coeffi- 
cients of hydraulic resistance devices "TSN- 
15U-300" and "TSOK-200-300" in studies on 


dusty air flows. 
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11. HayaHoe oO0cHOBaHHe NPHHIWNOB Wpoek- 11. Scientific substantiation of the principles 


THPOBaHHA MH MCIOUb30BAHUA WeHTPOOeKHBIX IIbI- of design and use of centrifugal dust collectors 


JICYIOBHTCICH, BCTPOCHHBIX B aCliNpallwOHHbIe built into aspiration systems and jet transport of 


CHCTCMbI UW WHCBMOTPaHCIlOpT MallnHOCTpoH- 


TCJIBHBIX IIPOU3BOCTB. 
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